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Abstract
There is a growing body of evidence to suggest that consumer-level activity monitors are a valid means of measuring
physical activity in older adults. Understanding whether older adults are satisfied with wearing these activity monitors is
an important step to ensuring that devices can be successfully implemented in clinical and research settings. Twenty-five
older adults (mean age¼ 72.5 years, standard deviation¼ 4.9) wore two consumer-level activity monitors (Misfit Shine
and Fitbit Charge HR) for seven consecutive days. After the week, participants were asked for their views and satis-
faction of wearing each device, measured in part by the Quebec User Evaluation of Satisfaction with assistive Technology.
Participants were generally satisfied with most aspects of the devices, though they were significantly more satisfied with
the Misfit Shine. Participants were critical about their ability to adjust the fit of both the Misfit Shine and Fitbit Charge
HR. Interestingly, the perceived satisfaction with the device was not associated with participants’ consideration of
wearing the device again. Future research needs to consider whether the design of consumer-level activity monitors
are best suited for older adults.
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Introduction
The increased availability of low-cost accelerometer
technology alongside the advancement of other tech-
nologies has caused the development of low-cost con-
sumer-level activity monitors,1 which make up part of
an ever-growing market of wearable technologies.2 This
has led to the widespread availability of accelerometer
technology. The range of devices available to the gen-
eral public varies in terms of cost, information rec-
orded, battery life (or frequency of charging) and
information displayed on the device and via the support
applications. While these devices are now being more
broadly adopted,3 a major limitation to the implemen-
tation of these devices as a measurement tool is the
absence of robust scientiﬁc evidence that these devices
are valid in terms of data captured.
Older adults tend to have reduced gait speeds and
use walking aids, thus compromising the validity of
consumer-level activity monitors.4–6 However, this is
only one aspect of ensuring that these devices are
successfully used in older adults. As the number of
studies that implement consumer-level activity moni-
tors grows in older adults, we are able to glean in
part the acceptability of wearing such devices through
the dropout rates. Unfortunately, researchers do not
always clearly report such missing data, or there is
little context behind these numbers.4,5 As a result, it is
diﬃcult to determine whether older adults are satisﬁed
with consumer-level activity monitors and whether
devices can be better optimised to meet their particular
needs.
Determining whether older adults are satisﬁed with
wearing consumer-level activity monitors has previ-
ously been overlooked, although the acceptance
of wearing such devices tied the ease of wearing them,
with a preference for small devices attached to the wrist
or ankle.7,8 To our knowledge, only a single study has
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explored how older adults view consumer-level activity
monitors, albeit in a single device (Fitbit One).9
The older adults in the study tended to agree or
strongly agree with statements that the device was
easy to use, useful and acceptable.
Before consumer-level activity monitors are more
broadly adopted, it is important to get a better under-
standing of older adults’ satisfaction of wearing such
devices. This will better enable researchers and clin-
icians to not only select validated devices but devices
that are suitable for the target population. The aim of
this study was to explore older adults’ views of wearing
two previously validated consumer-level activity moni-
tors (Misﬁt Shine and Fitbit Charge HR).
Methods
Participants
Participants were community-dwelling older adults
(aged, 65–84 years), recruited from West Sussex,
England and Co. Down, Northern Ireland. Participants
were excluded if they were not independently ambulatory
or used a walking aid (self-reported).
Procedure
The University of Chichester Research Ethics Committee
approved this study, and all participants provided
informed consent prior to taking part. Following
informed consent, participants were asked to complete
a series of questionnaires including demographic infor-
mation. Participants were then asked to wear ﬁve activity
monitors over a week period; three waist-worn devices
(Misﬁt Shine and two research-grade activity monitors)
were attached to an elastic belt and positioned above the
right kneecap. The two wrist-worn monitors (Misﬁt
Shine and Fitbit Charge HR) were positioned on the
right wrist. Participants were instructed to put the moni-
tors on and take them oﬀ at the same time and to wear
the activity monitors during waking hours, except during
bathing and water-based sports. Participants were not
asked to change their daily habits during the study and
were not given access to device’s software or informed of
additional device features. Participants were instructed
not to interfere with the device or change the device loca-
tion. Following a week of wearing the devices, partici-
pants returned the devices and completed additional
questionnaires that included their satisfaction of the
two consumer-level devices.
Measures
Demographic information, including age, gender,
residential density, ethnicity, handedness, years of
education, and subjective physical health complaints
were taken from all participants.
Assistive Device Subscale of the Quebec User
Evaluation of Satisfaction with assistive Technology
2.0 (QUEST)10 is an eight-item questionnaire devel-
oped to assess the satisfaction of using assistive tech-
nology. Participants were asked to include a comment
about each item, if they did not respond ‘very satisﬁed’.
As participants were not asked to interact with the
device, or utilise its data, two questions were removed
(i.e. ease of use and eﬀectiveness).
Participants were asked, ‘Have you ever worn an
activity monitor, pedometer or similar device before?’
Participants were also asked a series of questions
about what they perceived to be the best and the
worst feature of each device, where they would
choose to wear the device and whether they would con-
sider wearing the device again in the future.
Not discussed here, additional measures were taken
as part of the broader study including measures of
physical function, cognitive performance and physical
activity levels.
Consumer-level activity monitors
The Fitbit Charge HR (Fitbit, Inc., San Francisco,
California, USA) is a tri-axial motion sensor that records
activity in 60-s epochs in the general setting mode.
It provides daily data in the form of steps, distance, cal-
ories, activity intensity and sleep. This brand of device
has previously been used in research with an older popu-
lation.5,6 It requires charging via a USB cable every three
to four days (depending on the usage). The device was set
up with participant’s gender, age, height, weight and
hand dominance. These data can be accessed from a
digital display on the device or by synchronizing the
device to a companion website or smartphone applica-
tion. The device was worn on the wrist.
The Misﬁt Shine (Misﬁt Wearables, Burlingame,
California, USA) is a tri-axial motion sensor that rec-
ords steps, distance, calories burned, sleep quality and
duration and active time. This device was selected, in
part, because of its low-proﬁle design and longevity of
battery (depending on use, the battery can last for
approximately six months). It does not provide a digital
display of data (the blank face can be activated by
tapping the surface to display up to 12 LED lights
that chart progress towards a daily activity goal) on
the device and therefore has to be synchronised with
the accompanying application to obtain the data.
The device was worn on the wrist using the strap acces-
sory and on the elastic waistband using the magnetic
clasp accessory alongside two research-grade devices
(the Actigraph and the NL2000i). The device was set
up with participant’s gender, age, height and weight.
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Analysis
Demographic data of the sample were reported descrip-
tively (e.g. means, percentages).
Data from the QUEST were analysed in line with
oﬃcial guidance.11 For each device, individual item sat-
isfaction scores were presented as percentages depend-
ing on whether the participants scored 1, 2 and 3 or 4
and 5. A total QUEST score (from the assistive device
subscale) was calculated by creating an average score
(sum of valid scores/number of valid items). Summary
scores (e.g. median (Mdn) and interquartile range
(IQR)) were reported for the total QUEST score, and
a Wilcoxon signed-rank test was used to compare
scores between devices. Verbatim quotes were also
reported to provide context for why participants were
not satisﬁed with the devices. A Mann-Whitney U Test
was used to analyse whether participants’ satisfaction
with the device predicted whether they would consider
wearing the devices again.
A Directed Approach Content Analysis12 was also
performed on what participants felt was the best and
the worst feature of each device. Features from the
assistive subscale of the QUEST (dimensions, weight,
ease in adjusting, safe and secure, durability, ease of use
and comfortable) were used as predetermined codes,
and two researchers independently coded the responses
(NF and SB). Any data that did not ﬁt into these pre-
determined categories were then subsequently analysed
to determine whether they represent a new category.
These categories were identiﬁed as being ‘appearance’,
‘function’ and ‘health’. The researchers came to a con-
sensus between them if there were any discrepancies in
coding and any responses that were too vague to code.
Count scores were then tabulated.
Valid percentages were reported for the questions
relating to whether participants have worn similar
devices before, whether they would wear the device
again and what bodily location they would like to
wear the devices.
Field notes from informal conversations between the
participant and the researcher were also summarised.
Data were analysed using SPSS V.23 (IBM
Corporation, Armonk, New York, USA).
Results
Demographics
A total of 25 participants consented to be involved in
the study. Participants were on average 72.5 years old
(SD¼ 4.9). Fifty-two percent of participants (n¼ 13)
were male, and 48% were female (n¼ 12).
Previous experience of activity monitors
Only 26.1% of participants reported to have previously
used an activity monitor, pedometer or similar device.
Of the participants who reported previous use of such
devices, two had used a heart rate monitor and two had
used a pedometer with only a single participant having
used a consumer-level activity monitor (i.e. Fitbit).
QUEST satisfaction scores
For both devices, the majority of participants reported
that they were either ‘quite satisﬁed’ or ‘very satisﬁed’
with all features of the device (>50%). Participants
were most satisﬁed with the weight of the Misﬁt Shine
(100.0% ‘quite satisﬁed’ or ‘very satisﬁed’) and were
least satisﬁed with the adjustment of the device
(73.9% ‘quite satisﬁed’ or ‘very satisﬁed’). For the
Fitbit Charge HR, participants were most satisﬁed
that the device was safe and secure (91.3% ‘quite satis-
ﬁed’ or ‘very satisﬁed’) and least satisﬁed with the
adjustment (62.5% ‘quite satisﬁed’ or ‘very satisﬁed’,
see Table 1)
When exploring the open ended comments provided
by participants, the most common criticism about the
Table 1. Individual item satisfaction scores for the assistive device subscale of the QUEST.
Misfit Shine Fitbit Charge HR
% Subjects ‘more or
less satisfied’ or less
(scores 1, 2 and 3)
% Subjects ‘quite satisfied’
or ‘very satisfied’
(scores 4 and 5)
% Subjects ‘more or
less satisfied’ or less
(scores 1, 2 and 3)
% Subjects ‘quite
satisfied’ or ‘very
satisfied’ (scores 4 and 5)
Weight 0.0 100.0 12.5 87.5
Ease in adjusting 26.1 73.9 37.5 62.5
Safe and secure 17.4 82.6 8.7 91.3
Durability 10.5 89.5 9.1 90.9
Comfort 13.1 86.9 33.3 66.7
Dimensions 4.3 95.7 20.9 79.1
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securing of the Misﬁt Shine was how easily it could be
knocked out of the strap/holder. As the Fitbit Charge
HR is a single unit, this was not raised as an issue.
For both devices, participants found the devices
‘ﬁddly’ and diﬃcult to put on and adjust. The Fitbit
Charge HRs strap was considered ‘stiﬀ’, ‘inﬂexible’
and ‘rigid’, with some participants commenting on
how uncomfortable the device was. Participants felt
that the Fitbit Charge HR was large, being described
as being ‘a little bulky’ and ‘quite deep’, as well as being
heavy. No comments were left for the weight or dimen-
sions of the Misﬁt Shine.
On average, participants were quite satisﬁed
with both devices, with the total score signiﬁcantly
diﬀering between the total QUEST subscale score
of the Misﬁt Shine (Mdn¼ 4.7, IQR¼ 0.3) and
the Fitbit Charge HR (Mdn¼ 4.3, IQR¼ 1.3)
(Z¼1.97, p¼ .048).
Best and worst features
In using a Directed Approach Content Analysis, 10
categories were identiﬁed when exploring participants’
responses to the best and worst features of each device.
For the Misﬁt Shine, the devices’ comfort (n¼ 5),
appearance (n¼ 5) and dimensions (n¼ 5) were
reported as the best features. The ease in adjusting
was deemed the most frequently reported worst feature
(n¼ 4). A single participant identiﬁed that the Misﬁt
Shine strap and buckle caused a rash (i.e. Health).
The functions of the Fitbit Charge HR was most fre-
quently reported as the best feature of the device
(n¼ 9). The dimensions was the most frequently
reported worst feature of the device (n¼ 5). For full
results, see Table 2.
Field notes
A number of female participants reported developing
bruises across the wrist associated when the strap of the
Fitbit Charge HR caught on objects thus pulling
against their arm and leaving a bruise. Comments
were made to researchers that there were concerned
with the security of the waist-worn Misﬁt Shine,
which would fall oﬀ and they would have diﬃculty
locating it. Some participants also reported that they
enjoyed being able to show their progress to family and
friends across the week, in particular to sons and
daughters who had expressed concerns over their par-
ent’s health status.
Wear location
The Fitbit Charge HR is designed to be wrist worn, and
participants most frequently reported that their prefer-
ence was to wear the device on the dominant wrist
(n¼ 15, 62.5%), non-dominant (n¼ 7, 29.2%) and
non-speciﬁc (n¼ 2, 8.3%). Comparatively, for the
Misﬁt Shine, which is designed to be worn of several
locations, participants most frequently reported a pref-
erence of wearing the device on the wrist on the dom-
inant side (n¼ 9, 39.6%) followed by the non-dominant
side (n¼ 5, 21.7%).
Wearing the devices again
When asked whether they would consider wearing the
devices again, 52.4% (n¼ 11) of participants said that
they would consider wearing the Misﬁt Shine again
compared to 68.2% (n¼ 15) of participants who said
that they would consider wearing the Fitbit Charge HR
again. Participants’ opinion of wearing the device in the
future did not predict satisfaction scores on the QUEST
for either the Misﬁt Shine (U¼ 31.50, p¼ .09) or Fitbit
Charge HR (U¼ 37.00, p¼ .27).
Discussion
The purpose of this study was to assess older adults’
opinions and satisfaction of wearing consumer-level
activity monitors. Based on the QUEST, participants
tended to be relatively satisﬁed with all features of both
the Misﬁt Shine and the Fitbit Charge HR. However,
participants were signiﬁcantly more satisﬁed with the
Misﬁt Shine compared to the Fitbit Charge HR.
The feature that participants were least satisﬁed with
was the comfort of the Fitbit Charge HR, with a third
(33.3%) of participants reporting that they were ‘more
Table 2. The number of occurrences (n) of each theme from
the content analysis of questions about the best and the worst
feature of each device.
Misfit Shine Fitbit Charge HR
Best
feature
Worst
feature
Best
feature
Worst
feature
Weight 3 0 1 0
Ease of adjusting 4 4 3 1
Safe and secure 1 3 0 0
Durability 1 1 0 0
Comfort 5 1 2 4
Dimensions 5 0 2 5
Appearance 5 2 4 2
Function 2 3 9 1
Ease of use 0 2 5 2
Health 0 1 0 0
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or less satisﬁed’ or less. This was also reﬂected by par-
ticipants’ comments when asked about the devices’
worst feature.The best feature between the devices was
the weight of the Misﬁt Shine with all participants
(100%) reporting that they were either ‘quite satisﬁed’
or ‘very satisﬁed’. A common criticism of both theMisﬁt
Shine and the Fitbit Charge HRwas the ability to adjust
them, with over a quarter of participants not reporting
that they were ‘quite satisﬁed’ or ‘very satisﬁed’.
Participants described adjusting the straps as being
‘ﬁddly’, which is problematic in older adults where
there is a documented decline in hand function.13,14
Interestingly, when asked what the worst feature of
the Misﬁt Shine, limited functionality was a common
theme. The Fitbit Charge HR has a digital display,
which allows participants to readily access information
such as clock, heart rate and physical activity levels.
Access to this information was commonly perceived
as one of the best features of the Fitbit Charge HR,
and informal conversations with participants support
this. Previous research has identiﬁed that older adults’
attitudes towards activity monitors is in part tied to
perceived usefulness and personal beneﬁts of wearing
the devices.15 In fact, recent evidence suggests that
increasing awareness about the functionality and pur-
pose of the device is likely to increase the acceptability
of wearing the device in older adults.16 This ﬁnding
could also explain why older adults were more likely
to choose to wear the Fitbit Charge HR again rather
than the Misﬁt Shine.
It is important to highlight that the ﬁndings of this
study reﬂect the views of a limited sample of healthy
older adults and therefore may not necessarily represent
the views of a broader older adult population. As high-
lighted above, another limitation is related to the fact
that the ﬁndings here only reﬂect the satisfaction and
views of consumer-level activity monitors used exclu-
sively as a measurement tool. Additional considerations
are needed if such devices are implemented as a means
to promote physical activity,17,18 as it requires partici-
pants to interact and engage with the information col-
lected from the device.
In considering the use of consumer-level activity
monitors in older adults, it is not enough to just con-
sider the validity of the device. Regardless of the set-
ting, ensuring that a device is acceptable to wear is
paramount to ensure that people wear the device for
the duration of the measurement period, be it in a
research or clinical setting. This study highlights that
older adults are generally satisﬁed with two such con-
sumer-level activity monitors (Misﬁt Shine and Fitbit
Charge HR), although making devices easier to ﬁt and
adjust is something that needs to be reﬁned for older
adults. Future studies should also consider whether
functions should be described to older adults regardless
of whether they need to use them or not. Due to the
frequent development of new activity monitors, it is
unlikely that research will be able to keep up with the
evaluation of the plethora of diﬀerent designs.
However, researchers and clinicians should consider
the design features of activity monitors before imple-
menting within older adults. Future research should not
neglect the growing number of cognitively impaired
people over the age of 65 years, which could be an
important factor in determining what is acceptable.
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